Background: Tumor microenvironment (TME) including the immune checkpoint system impacts prognosis in some types of malignancy. The aim of our study was to investigate the precise prognostic significance of the TME profile in endometrial carcinoma. Methods: We performed immunohistochemistry of the TME proteins, PD-L1, PD-1, CD4, CD8, CD68, and VEGF in endometrial carcinomas from 221 patients. Results: High PD-L1 in tumor cells (TCs) was associated with better OS (p = 0.004), whereas high PD-L1 in tumorinfiltrating immune cells (TICs) was associated with worse OS (p = 0.02). High PD-L1 in TICs correlated with high densities of CD8 + TICs and CD68 + TICs, as well as microsatellite instability (p = 0.00000064, 0.00078, and 0.0056), while high PD-L1 in TCs correlated with longer treatment-free interval (TFI) after primary chemotherapy in recurrent cases (p = 0.000043). High density of CD4 + TICs correlated with better OS and longer TFI (p = 0.0008 and 0.014). Univariate and multivariate analyses of prognostic factors revealed that high PD-L1 in TCs and high density of CD4 + TICs were significant and independent for favorable OS (p = 0.014 and 0.0025). Conclusion: The current findings indicate that PD-L1 and CD4 + helper T cells may be reasonable targets for improving survival through manipulating chemosensitivity, providing significant implications for combining immunotherapies into the therapeutic strategy for endometrial carcinoma.
Background
Endometrial cancer is the most common malignancy of female reproductive organs in developed countries, and the incidence is recently increasing [1] . Primary treatment comprises surgery in combination with adjuvant chemotherapy and/or radiotherapy based on the risk stratification for recurrence. The majority of cases are diagnosed at an early stage, and the 5-year survival rate for those with localized disease is 95% [2] . Yet 15-20% of these tumors recur after primary treatment [3] . The 5-year survival rate for those with advanced/recurrent measurable disease is < 10%, and the efficacy of second-line chemotherapy after primary regimens with taxane plus platinum is not more than 15% [4] . Thus, development of novel treatment strategy for those diseases is urgently required.
Programmed cell death-1 (PD-1), immune inhibiting receptor, is expressed on the surface of activated T cells and B cells, and the PD-1 pathway plays critical roles in maintaining immunological self-tolerance [5] . There are two ligands for this receptor, programmed cell deathligand 1 (PD-L1) and PD-L2. PD-L2 is expressed on activated dendritic cells and macrophages predominantly as well as on tumor cells and B cells, while PD-L1 is expressed on many cell types including immune cells and tumor cells [6] . Tumor cells escape host antitumor immune response through the PD-1/PD-L1 pathway. Recently, therapeutics targeting this immune checkpoint system have shown unprecedented durable clinical responses in various kinds of tumor [7] .
A study by Teng et al. on advanced malignant melanomas showed that tumor microenvironment (TME) can be classified based on tumor infiltrating lymphocytes (TILs) and PD-L1 expression: PD-L1 + TIL + group of tumors favorably responded to immune checkpoint blockade [8] . Another study on melanomas by Tumeh et al. showed that pre-existing CD8 + T cells located at the invasive tumor margin were associated with the expression of PD-1/PD-L1 immune inhibitory system and may predict response to anti-PD-L1 therapy [7] . Regarding ovarian cancer, a study by Webb et al. on high-grade serous ovarian cancer showed that PD-L1 expressed by tumor-associated macrophages (TAM) was significantly associated with favorable diseasespecific survival after anti-PD-1 antibody therapy [9] . Darb-Esfahani et al. have shown that PD-1/PD-L1 expressions in high-grade serous ovarian cancer were significantly associated with favorable progression-free survival (PFS) and overall survival (OS) [10] . Another study on ovarian cancer by Hamanishi et al. has shown that high PD-L1 expression on tumor cells and low CD8 + T lymphocyte count are independent prognostic factors for poor PFS and OS [11] . Colorectal cancers with microsatellite instability (MSI) were reported to lead to higher mutation burden, with a greater density of CD8 + lymphocytes, and to benefit more from pembrolizumab, a kind of anti-PD-1 antibody [12] . Frequency of MSI in endometrial cancer is reportedly 22-33%, higher than cervical (8%) and ovarian (10%) cancers, being highest among gynecologic malignancies [13] . As regards endometrial cancer, the significance of the PD-1/PD-L1 pathway has just begun to be investigated including a number of ongoing clinical trials [14] .
There exist varieties of factors in the TME of endometrial carcinoma. The purpose of the current study is to find out the relationships between the TME profile including PD-1/PD-L1 expressions and clinicopathologic features, and to identify predictive biomarkers for the outcome by treatments. Our findings provide significant implications for formulating novel therapeutic strategy for the disease.
Methods

Patients and specimens
All patients diagnosed with endometrial carcinoma, who received surgery in the Department of Obstetrics and Gynecology at the University of Tsukuba Hospital between 1999 and 2009, were identified through our database. A total of consecutive 221 patients were included in the present study, and their medical records were retrospectively reviewed. All samples were obtained with opt-out procedure in accordance with the study protocol approved by the Ethics Committee University of Tsukuba Hospital. The study was performed in accordance with the Declaration of Helsinki. A median follow-up duration was 132 months (range, 3-209 months). Followup data were retrieved until 2018-7-20. Staging was performed based on the criteria of International Federation of Gynecology and Obstetrics (FIGO, 2008) . Endometrioid carcinomas were subclassified into three grades (G1, G2, and G3) according to the FIGO criteria. Treatment of patients was described previously [15] . Table 1 summarizes the patient demographics. 
Immunohistochemistry
Immunohistochemical (IHC) procedures were conducted as described previously [15] . Antibodies used are PD-L1 (SP142, rabbit monoclonal, Spring Bioscience, Pleasanton, CA, USA), PD-1 (NAT105, mouse monoclonal, GeneTex, Irvine, CA, USA), CD4 (clone SP35, rabbit monoclonal, Spring Bioscience, Pleasanton, CA, USA), CD8 (clone C8/144B, mouse monoclonal, Nichirei Biosciences, Tokyo, Japan), CD68 (PG-M1, mouse monoclonal, DAKO, Tokyo, Japan), and VEGF (A-20, rabbit polyclonal, Santa Cruz, Dallas, TX, USA). For PD-L1 staining, antigen retrieval was done by autoclaving at 121°C for 10 min in Tris/EDTA buffer (pH 9.0), and 1st antibody incubation (1:100) was conducted at 4°C overnight. The corresponding normal endometria or stroma provided an internal positive control, and negative controls without addition of primary antibody showed low background staining.
IHC scoring
Blinded for clinical and pathologic parameters, immunoreaction was assigned by two investigators (SZ and TM), and any discrepancies were resolved by conferring over a multiviewer microscope. For semiquantitative analyses for PD-L1 and VEGF, the IHC staining was scored by multiplying the percentages of positive tumor cells (PP: 0, no positive cell; 1, < 10%; 2, 10-50%; and 3, > 50% positive tumor cells) by their prevalent degree of staining (SI: 0, no staining; 1, weak; 2, moderate; and 3, strong). The IHC scores (IHS=PP × SI) range from 0 to 9. For PD-L1, we evaluated membrane staining of tumor cells (TCs) and tumor-infiltrating immune cells (TICs) separately. For CD4, CD8, CD68, and PD-1, we counted positive TICs by magnification of × 200 in most abundant 3 locations of the slide and calculated the average. The representative images for immunostaining are shown in Fig. 1 .
MSI analysis
MSI status was analyzed with the five fluorescencelabeled microsatellite markers, BAT25, BAT26, D2S123, D5S346 and D17S250 [16] . Tumors showing allelic shift at one or more markers were classified as MSI, and tumors with no allelic shift at any marker as microsatellite stable (MSS).
Statistical analyses
Differences in proportions were evaluated by the Fisher's exact test. Differences in continuous variables were evaluated by the Mann-Whitney U test. The optimal cut-off values of IHC scores for the relationship with OS were determined by the K-Adaptive partitioning method ( Table 2 ) [17] . Kaplan-Meier survival curves were 
Results
We performed IHC evaluation of the TME proteins in 221 primary endometrial carcinomas (Table 2) . First, we examined mutual relationships among the IHC results. High PD-L1 expression in TCs showed an inverse correlation with high PD-L1 expression in TICs (p = 0.0054; Table 3 ). High PD-L1 expression in TICs correlated with high density of PD-1 + , CD8 + , and CD68 + TICs (p = 0.00032, 6.4E-07, and 0.00078; Table 3 ). High density of PD-1 + TICs correlated with high density of CD8 + , and CD68 + TICs (p = 0.0097 and 0.00028; Table 3 ). High density of CD4 + , CD8 + , and CD68 + TICs showed mutual correlations (Table 3) . Secondly, we examined the relationships between the IHC evaluations and clinicopathologic parameters ( Table 4 ). High PD-L1 expression in TCs was associated with G1, non-G3, superficial myometrial invasion, and negative lymphovascular space invasion (LVI) (p = 3.2E-05, 0.00026, 0.0037, and 0.049; Table 4 ), while high PD-L1 expression in TICs was associated with non-endometrioid histology, non-G1, deep myometrial invasion, positive LVI, and advanced FIGO stage (p = 0.0089, 0.018, 0.0044, 0.00026, and 0.014; Table 4 ). High density of PD-1 + TICs was associated with non-endometrioid histology, non-G1, positive LVI, and MSI (p = 0.0086, 1.1E-05, 0.0047, and 0.0015; Table 4 ).
High VEGF expression in TCs was associated with deep myometrial invasion, non-stage I, and advanced stage (p = 0.00051, 0.0015, and 0.024; Table 4 ). High density of CD4 + TICs was significantly associated with endometrioid histology and superficial myometrial invasion (p = 0.033 and 0.00044; Table 4 ), while high density of CD8 + TICs was associated with MSI (p = 0.012; Table 4 ). High density of CD68 + TICs showed no significant association with clinicopathologic parameters (Table 4) .
Thirdly, the patient OS was compared according to the IHC evaluations. Patients with TCs expressing high PD-L1 showed better OS than those with low PD-L1 expression (p = 0.004; Fig. 2a ), while conversely patients with TICs expressing high PD-L1 showed worse OS than those with low PD-L1 expression (p = 0.02; Fig. 2b ). High densities of CD4 + TICs and CD8 + TICs both correlated with better OS (p = 0.0008 and 0.04; Fig. 2e and f). As for PD-1 + TICs, VEGF in TCs, and CD68 + TICs, the OS showed no significant difference (p = 0.1, 0.06, and 0.2; Fig. 2c, d , and g). The OS according to MSI/MSS showed no difference (p = 0.9; Fig. 2h ).
Next, the associations between TFI after primary adjuvant chemotherapy and the TME protein expressions were examined. High PD-L1 expression in TCs and high density of CD4 + TICs were both associated with longer TFI (p = 0.000043 and 0.014; Fig. 3a ). We further examined the relationships between MSI status and the TME protein expressions. High PD-L1 expression in TICs and high densities of PD-1 + TICs and CD8 + TICs were associated with MSI (p = 0.0056, 0.00040, and 0.00086; Fig. 3b ).
Lastly, we conducted univariate and multivariate analyses of prognostic factors for OS. In the univariate analysis, high PD-L1 expression in TICs, older age (> 60), advanced FIGO stage, non-endometrioid histology, deep myometrial invasion (> 1/2), and positive LVI were found to be significant for worse OS (p = 0.023, 0.0017, 2.0E-09, 1.9E-07, 6.4E-06, and 0.00011; Table 5 ), while high PD-L1 expression in TCs and high density of CD4 + TICs were significant for better OS (p = 0.0050 and 0.0015; Table 5 ). Subsequent multivariate analysis revealed that high PD-L1 expression in TCs, high density of CD4 + TICs, advanced stage, non-endometrioid histology, and positive LVI were significant and independent for OS (p = 0.014, 0.0025, 0.000042, 0.0031, and 0.028; Table 5 ).
Discussion
Our survival analyses exhibited that high PD-L1 expression in TCs was associated with better OS, while conversely high PD-L1 expression in TICs was associated with worse OS (Fig. 2a, b , Table 5 ). Besides, high PD-L1 expression in TICs showed an inverse correlation with high PD-L1 expression in TCs (Table 3 ). These findings indicate that PD-L1 expression in TCs and that in TICs seem contrary to each other. PD-L1 expressed on the surface of TCs is supposed to bind to PD-1 receptor on immune cells and to induce adaptive immune resistance. Our above observations may be explicable if some proportion of expressed PD-L1 could move between the surface of TCs and the surface of TICs so that the PD-L1 bound to PD-1 on the surface of TICs may induce adaptive immune resistance leading to poor survival, while the PD-L1 remaining on the surface of TCs may not. This hypothesis may be supported by the published findings that, in addition to tissue PD-L1, there also exist circulating PD-L1 such as exosomal PD-L1 [18, 19] and soluble PD-L1 [20, 21] . However, further molecular and clinical investigations are essential to verify our observation and to elucidate the mechanism underlying them. High PD-L1 expression in TICs was associated with MSI (Fig. 3b) , and with high density of CD8 + TICs and CD68 + TICs ( Table 3 ), suggesting that PD-L1-induced adaptive immune resistance may involve MSI, killer T cells, and TAMs, as CD8 and CD68 are markers for killer T cells and TAMs, respectively. MSI is known to cause hypermutation leading to increased burden of tumor antigens, which induces increased immune response [13] . Increased immune response may induce PD-1/PD-L1-mediated adaptive immune resistance, which will lead to aggressive tumor phenotype and poor prognosis. Indeed, our analyses of the relationships between the TME protein expressions and clinicopathologic parameters exhibited that high PD-L1 expression in TICs was associated with non-endometrioid histology, non-G1, deep myometrial invasion, positive LVI, and advanced FIGO stage (Table 4) , and our survival analysis demonstrated that high PD-L1 expression in TICs was associated with unfavorable OS (Fig. 2b) . Taken together, these findings suggest that PD-L1 expression of TICs may be a biomarker for the T cell-inflamed tumor phenotype [22] . Clinical response to anti-PD-1 monoclonal antibody was reported to occur almost exclusively in patients with pre-existing T cell infiltrates in the region of PD-L1 upregulation [7, 23] . Following anti-PD-1 administration, these CD8 + T cells seemed to proliferate and expand to penetrate throughout the tumor, which correlated with tumor regression [7] . Altogether, our findings implicate that anti-PD-1/PD-L1 therapy may improve the unfavorable survival of the subset of endometrial cancers with TICs expressing high PD-L1.
Moreover, in the analysis of the associations between the TME protein expressions and TFI after primary adjuvant chemotherapy, high PD-L1 expression in TCs indicated a longer TFI (Fig. 3a ), suggesting that prognostic impact of PD-L1 expression may be mediated by affected chemosensitivity, as TFI reportedly correlates with response to chemotherapy for recurrence and/or survival after recurrence in endometrial cancer [24] [25] [26] . This hypothesis may be supported by the published findings where upregulation of the PD-1/PD-L1 axis confers chemoresistance in some types of tumor [27] [28] [29] . Accordingly, our findings further suggest that anti-PD-1/PD-L1 therapy may attenuate chemoresistance in the patients with TICs expressing high PD-L1.
In the univariate and multivariate analyses of prognostic factors, besides high PD-L1 expression in TCs, high density of CD4 + TICs was found to be significant and independent for favorable OS (Table 5) , being consistent with previous publications where high infiltration of CD4 + TILs was reported to be a favorable prognostic factor for some types of malignancy [30] [31] [32] . Besides, high density of CD4 + TICs was found to be associated with longer TFI (Fig. 3a ), suggesting that helper T cells also may affect prognosis through involving chemosensitivity. The proliferation and differentiation into regulatory T cells of CD4 + T cells is reported to be manipulated by retinoic acid [33] , STAT3 silencing [34] , and DNGR-1 targeting [35] , raising their therapeutic possibility. Further basic and clinical studies are warranted to verify our proposal.
The KEYNOTE-028 phase I study evaluated the safety and efficacy of pembrolizumab, an anti-PD-1 Abbreviations: OS overall survival, HR hazard ratio, CI confidence interval, PD-L1 programmed cell death-ligand 1, TCs tumor cells, TICs tumor-infiltrating immune cells, PD-1 programmed cell death-1, VEGF vascular endothelial growth factor, FIGO International Federation of Gynecology and Obstetrics, MI myometrial invasion, LVI lymphovascular space invasion monoclonal antibody, in patients with PD-L1-positive advanced solid tumors [36] . Pembrolizumab demonstrated a favorable safety profile and durable antitumor activity in a subgroup of patients with heavily pretreated advanced PD-L1-positive endometrial cancer [36] . Currently, many phase II/III clinical trials of anti-PD-1/PD-L1 therapy in endometrial cancers are ongoing. Our above findings indicate that anti-PD1/PD-L1 therapies combined with conventional chemotherapeutics may be beneficial for the patients with poor prognosis due to high PD-L1 expression in TICs through improving chemosensitivity.
There exist only few reports on prognostic significances of the TME proteins in endometrial cancer so far. Regarding PD-L1 expression and survival, Kim et al. have recently reported on 183 primary endometrial cancers that high PD-L1 expression on immune cells was an independent prognostic factor for poor PFS [37] . Ikeda et al. have also reported on 32 endometrioid endometrial cancers that the cases with high PD-L1 mRNA expression in cancer tissues showed significantly longer PFS [38] . Yamashita et al. have recently reported on 149 endometrioid endometrial cancers that high PD-L1 expression in tumor cells was significantly associated with better PFS [39] . These findings are in line with our results that high PD-L1 expression in TCs was associated with better OS (Fig. 2a) , while high PD-L1 on TICs was associated with worse OS (Fig. 2b) . As for CD8 expression and survival, Yamashita et al. have reported that CD8 + TILs was significantly associated with better PFS [39] . Ikeda et al. also reported that high CD8 mRNA expression in tumor tissues was significantly associated with longer PFS [38] . These findings are consistent with our result that high density of CD8 + TICs correlated with better OS (Fig. 2f ). Bellone et al. have recently reported on 131 endometrial cancers that POLE-mutated tumors were associated with improved PFS and displayed increased numbers of CD4 + and CD8 + TILs as compared to wild-type POLE tumors, and that PD-1 was overexpressed in TILs from POLE-mutated vs. wildtype-tumors [40] . In our study, MSI was associated with high PD-L1 expression in TICs (Fig. 3b) , which was significantly associated with worse OS (Fig. 2b) . POLEmutated endometrial cancers have been reported to be MSS in a couple of studies including this article [40] [41] [42] . Therefore, it is plausible that POLE-mutated tumors and MSI tumors may have the opposite prognostic features. As regards the relationship between PD-L1 expression and clinicopathologic features, Mo et al. reported on 75 endometrial cancers that PD-L1 expression in TICs was more frequently found in the moderately and poorlydifferentiated tumors and type II than in the type I tumors [43] , being in line with our finding that high PD-L1 expression in TICs was associated with non-endometrioid histology and non-G1 (Table 4 ). Further studies are warranted to clarify the clinical and prognostic significance of the TME status in endometrial cancer.
The present study still contains some limitations. The retrospective study design potentially causes selection biases. The number of studied samples is relatively small. The evaluation method for the TME protein expression is mainly based on semi-quantitative analyses. Nevertheless, the treatment strategy was almost consistent throughout the study period, and most importantly the follow-up duration was much longer than the former studies (median, 132 vs. 30.3-38 months [37, 39] ), supporting the validity of our survival data.
Conclusions
We have demonstrated here that high PD-L1 in TCs was associated with better OS, while high PD-L1 in TICs was associated with worse OS. High PD-L1 in TICs exhibited associations with high densities of CD8 + TILs and CD68 + TAMs, and MSI, while high PD-L1 in TCs correlated with longer TFI. High density of CD4 + TICs correlated with better OS and longer TFI. Univariate and multivariate analyses exhibited that high PD-L1 in TCs and high density of CD4 + TICs were significant and independent prognostic factors for favorable OS. The current findings indicate that PD-L1 and CD4 + helper T cells may be reasonable targets for improving survival via enhancing chemosensitivity, providing useful information for combining immunotherapies into the therapeutic strategy for endometrial carcinoma.
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